1. Introduction {#sec1-nutrients-10-00783}
===============

Inflammation and oxidative stress are essential to maintain homeostasis and provide, among others, protection to pathogens or tissue damage. However, under certain conditions, these mechanisms are also involved in chronic low-grade inflammatory processes, which, even in the absence of immediate clinical symptoms, present risk factors for many diseases \[[@B1-nutrients-10-00783],[@B2-nutrients-10-00783],[@B3-nutrients-10-00783],[@B4-nutrients-10-00783],[@B5-nutrients-10-00783]\]. Macrophages are key players in the early stages of an inflammatory response, which can either stay controlled and, eventually, resolve or develop into chronic inflammation \[[@B6-nutrients-10-00783],[@B7-nutrients-10-00783]\]. The second situation is characterized by the release of pro-inflammatory mediators, including nitric oxide (NO) and cyclooxygenase-2 (COX-2) derived eicosanoids, as well as cytokines and chemokines, including interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α. Pro-inflammatory macrophages play important roles in these situations, contributing to various co-morbidities \[[@B8-nutrients-10-00783],[@B9-nutrients-10-00783]\].

Consumption of vegetables, fruit, and herbs is associated with positive health effects, not only because of their favourable nutrient composition, but also because of the presence of different secondary metabolites, several of which have been shown to contribute to a reduced inflammatory tone \[[@B10-nutrients-10-00783],[@B11-nutrients-10-00783]\]. Essential oils represent an important group in this respect, which is also reflected in their widespread traditional use in inflammatory disorders \[[@B12-nutrients-10-00783],[@B13-nutrients-10-00783]\]. More recently, essential oils have also become of interest as natural additives or ingredients of functional foods, with claimed beneficial health properties \[[@B14-nutrients-10-00783],[@B15-nutrients-10-00783]\].

*Citrus myrtifolia* Raf., commonly known as chinotto or myrtle leaved orange, is a widely diffused ornamental plant belonging to the *Rutaceae* family and is considered as a mutation of sour orange (*Citrus aurantium* L.) \[[@B16-nutrients-10-00783],[@B17-nutrients-10-00783]\]. The plant is native to China and has been cultivated for centuries in France and Italy, especially in Liguria, Calabria, and Sicily where the fruits are used in the confectionery industry. Next to this, the juice from unripe fruits is used as an ingredient of soft drinks and liqueurs \[[@B18-nutrients-10-00783]\]. Despite its many applications and its taxonomically close relationship to bergamot (*Citrus bergamia* Risso) \[[@B19-nutrients-10-00783],[@B20-nutrients-10-00783]\], whose beneficial effects on inflammation and inflammatory-related disorders are being recognized \[[@B21-nutrients-10-00783],[@B22-nutrients-10-00783],[@B23-nutrients-10-00783],[@B24-nutrients-10-00783],[@B25-nutrients-10-00783],[@B26-nutrients-10-00783],[@B27-nutrients-10-00783]\], there appear to be no documented studies on the potential anti-inflammatory properties of chinotto. Moreover, although the composition of different parts of the chinotto plant has been reported \[[@B18-nutrients-10-00783],[@B28-nutrients-10-00783],[@B29-nutrients-10-00783],[@B30-nutrients-10-00783],[@B31-nutrients-10-00783]\], including that of the essential oil of the peels \[[@B32-nutrients-10-00783],[@B33-nutrients-10-00783]\], the effect of fruit maturation on the essential oil profile and on potential differences in bioactivity seems to be neglected thus far. These starting points prompted us to investigate the in vitro anti-inflammatory and radical scavenging potential of essential oils from the peels of chinotto and to evaluate the effects of maturation on the bioactivity and on the composition of volatile compounds.

2. Materials and Methods {#sec2-nutrients-10-00783}
========================

2.1. Chemicals {#sec2dot1-nutrients-10-00783}
--------------

*n*-Hexane, chloroform, and methanol (analytical grade) were purchased from Carlo Erba Reagenti (Milan, Italy). β-Pinene, limonene, sabinene, myrcene, γ-terpinene, linalool, neral, linalyl acetate, geranial, geranyl acetate, and β-caryophyllene were supplied by Fluka (Milan, Italy). 2,2′-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), and (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox) were from Sigma-Aldrich (Milan, Italy). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum, streptomycin, and penicillin were acquired from Lonza (Verviers, Belgium). Lipopolysaccharides (LPS, *E. coli* O111:B4) was obtained from Sigma-Aldrich (Schnelldorf, Germany). Griess reagents and nitrite standard were purchased from Cayman Chemical (Ann Arbor, MI, USA).

2.2. Plant Material and Extraction of the Oils {#sec2dot2-nutrients-10-00783}
----------------------------------------------

Chinotto fruits were collected in Calabria (southern Italy) in three different periods (early October, late October, late November) during Autumn 2012. A voucher specimen (accession no. CLU26013) of the plant was deposited in the Erbarium CLA at the Botanical Garden of the University of Calabria (Rende, Italy). Chinotto essential oils (CEOs) were obtained according to a previously reported extraction method \[[@B34-nutrients-10-00783]\]. Briefly, the rinds of the peels were squeezed to break the utricles and release the oil, which was collected by extraction with *n*-hexane. The solutions were then dried over Na~2~SO~4~ and concentrated under a stream of N~2~. Extracts were classified as CEO1, CEO2, or CEO3 based on the ripening stage of the fruits used (green, half ripe, and ripe, respectively). Specifically, unripe fruits were green and half ripe were yellow-green, whereas ripe fruits were fully orange. The diameter was about 4--6 cm in all the cases. The essential oils were stored under N~2~ at −20 °C in brown bottles until analyses.

2.3. GC Analyses of CEOs {#sec2dot3-nutrients-10-00783}
------------------------

The composition of CEOs was analysed by gas chromatography using a flame ionization detector (GC-FID) without any derivatisation. Before GC analysis, CEOS were diluted 10 mg in 1 mL chloroform. Analyses were carried out on a Shimadzu GC-2010 system equipped with an AOC-20i auto sampler, split/split less injector, and a FID detector (Shimadzu, Milan, Italy). Experimental conditions were as follows: The column was a fused-silica capillary column (SLB^™^-5 ms, Supelco, Milan, Italy) coated with 5% diphenyl −95% dimethyl siloxane (30 m × 0.25 mm id × 0.25 μm d~f~); the oven temperature increased from 50 up to 250 °C, with a rate of 3.0 °C min^−1^; and the injection volume was 1.0 μL in the split mode (30:1). Helium was used as carrier gas at 30.1 cm s^−1^ of linear velocity (*u*), with an inlet pressure of 99.8 kPa. The detector temperature was set at 280 °C. The hydrogen flow rate was 50.0 mL min^−1^; the air flow rate was 400 mL min^−1^; and the make-up flow rate (N~2~/Air) was 50 mL min^−1^. The identification of the compounds was based on the comparison of their retention times with those of authentic standards available in our laboratory. The quantification of each compound identified in CEOs was performed using the peak area normalization and the results were expressed as the means of three experiments.

2.4. In Vitro Radical Scavenging Activity {#sec2dot4-nutrients-10-00783}
-----------------------------------------

### 2.4.1. DPPH Assay {#sec2dot4dot1-nutrients-10-00783}

The free radical scavenging capacities of the oils were determined by DPPH assay according to a previously used protocol \[[@B35-nutrients-10-00783]\]. In particular, 100 μL of CEOs (10 mg mL^−1^ MeOH) were mixed with 100 μL of the DPPH• methanol solution (1 mM) and the final volume adjusted to 3 mL by the addition of the necessary amount of MeOH. Next, the mixtures were shaken vigorously and incubated in the dark at room temperature. The colorimetric decrease in absorbance of each sample was measured at 517 nm using a UV--Vis spectrophotometer (model V-550, Jasco Europe) after 30 min when a plateau was reached. The negative control was a DPPH solution obtained by diluting 100 μL of the DPPH standard solution with MeOH to give a final volume of 3 mL. Experiments were carried out in triplicate. Trolox, a known antioxidant, has been used as reference compound to build a calibration curve and the results are expressed as µmol of Trolox Equivalents (TE)/g of CEO.

### 2.4.2. ABTS Assay {#sec2dot4dot2-nutrients-10-00783}

The ABTS assay was conducted according to an established protocol \[[@B36-nutrients-10-00783]\], with slight modifications. ABTS radical cation (ABTS•^+^) was produced by reacting ABTS solution (7 mM) with potassium persulfate (2.45 mM) and allowing the mixture to stand in the dark at room temperature for 16 h before use. The ABTS•^+^ solution was diluted with ethanol and the resulting solution had an absorbance of 0.70 ± 0.05 (at 734 nm). 100 μL of the CEOs (10 mg mL^−1^) were added to 2 mL of ABTS•^+^ solution and the resulting mixture was kept in the dark and under stirring for 5 min before absorbance at 734 nm was measured. Experiments were carried out in triplicate. Trolox was used as the reference compound to build a calibration curve and the results are expressed as µmol of Trolox Equivalents (TE)/g of CEO.

2.5. Cell Culture {#sec2dot5-nutrients-10-00783}
-----------------

RAW264.7 cells, a mouse-derived macrophage cell line, were obtained from the American Type Culture Collection (Teddington, UK). The cells were grown in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum, streptomycin, and penicillin at 37 °C in a 5% CO~2~ humidified air atmosphere. Cells were seeded into 96-well cell culture plates (2.5 × 10^5^ cells mL^−1^) for NO and viability analyses or in 6-well plates (5 × 10^5^ cells mL^−1^) for RNA extraction, and incubated overnight. Adherent cells were incubated with LPS (0.5 mg mL^−1^) with (or without) the test CEOs for 48 h (for nitrite and viability measurements) or 24 h (for RNA extraction).

2.6. XTT Viability Assay {#sec2dot6-nutrients-10-00783}
------------------------

Effects of CEOs on cell viability were analysed using an XTT Cell Proliferation Kit II (Roche Applied Science, Almere, The Netherlands) following the manufacturer's instructions. After 48 h, the tetrazolium salt (MTT) assay was performed, evaluating the cells' capability in metabolising XTT to formazan as an estimation of cell viability. Conditions were considered toxic if metabolic activity leading to formazan was diminished by ≥20%. As a positive control, cells were treated with Triton X100, yielding total cell lysis.

2.7. Nitric Oxide Quantification {#sec2dot7-nutrients-10-00783}
--------------------------------

Nitrite present in the culture medium, after incubation for 48 h, was measured using Griess reagents to give an estimation of NO production \[[@B37-nutrients-10-00783]\]. Briefly, 100 μL of the cell supernatant were reacted with 100 μL of Griess reagents and incubated at room temperature for 10 min. Absorbance was determined at 540 nm using an ELISA plate reader.

2.8. RNA Extraction, Purification, and Quantitative Reverse Transcription Real-Time PCR {#sec2dot8-nutrients-10-00783}
---------------------------------------------------------------------------------------

After incubating for 24 h, medium was removed and total RNA was extracted using TRIzol (Invitrogen, Breda, The Netherlands). RNA (1 μg/sample) was reversely transcribed, yielding cDNA using Promega reverse transcription system (Leiden, The Netherlands). cDNA was amplified by PCR by means of platinum Taq DNA polymerase (Invitrogen) and SYBR green (Molecular Probes, Leiden, The Netherlands) using an iCycler system (Bio-Rad, Veenendaal, The Netherlands). The following primer pairs were used for amplification of iNOS: 5′-GTTCTCAGCCCAACAATACAAGA-3′ (forward) e 5′-GTGGACGGGTCGATGTCAC-3′ (reverse); COX-2: 5′-GGAGAGACTATCAAGATAGT-3′ (forward) and 5′-ATGGTCAGTAGACTTTTACA-3′ (reverse); IL-1β: 5′-TGCAGAGTTCCCCAACTGGTACATC-3′ (forward) and 5′-GTGCTGCCTAATGTCCCCTTGAATC-3′ (reverse). IL-6: 5′-TACTCGGCAAACCTAGTGCG-3′ (forward) and 5′-GTGTCCCAACATTCATATTGTCAGT-3′ (reverse); MCP-1: 5′-CCCAATGAGTAGGCTGGAGA-3′ (forward) and 5′-TCTGGACCCATTCCTTCTTG-3′ (reverse). Samples were analysed in duplicate, and mRNA expression levels of the different genes were normalised to RPS27A2. Primer pairs for RPS27A2 were 5′-GGTTGAACCCTCGGACACTA-3′ (forward) and 5′-GCCATCTTCCAGCTGCTTAC-3′ (reverse).

2.9. Statistical Analysis {#sec2dot9-nutrients-10-00783}
-------------------------

All experiments were performed in duplicate in at least three independent experiments. Data from all experiments using RAW264.7 macrophages are presented as a percentage of the LPS-treated controls (set at 100%). Data from radical scavenging assays are expressed as µmol of Trolox Equivalents (TE)/g of CEO. All data are reported as means ± standard deviation. Statistical differences between treatments were evaluated by one-way ANOVA followed by Bonferroni's post hoc test. *p* values \< 0.05 (\*) and \<0.01 (\*\*) were considered as statistically significant.

3. Results {#sec3-nutrients-10-00783}
==========

3.1. Composition of CEOs {#sec3dot1-nutrients-10-00783}
------------------------

The quantitative recovery of CEOs was 0.7% (*w*/*w*; based on fresh dried peels) for CEO1 and CEO2 and 0.4% (*w*/*w*) for CEO3. The composition of CEOs was analysed by GC and the results are reported in [Table 1](#nutrients-10-00783-t001){ref-type="table"}. Twelve compounds were identified and quantified in green, half ripe, and ripe fruit essential oils, representing 96.7%, 95.9%, and 97.5% of the total detected constituents, respectively. Limonene, linalool, and linalyl acetate were identified as the main components in all the oils, while γ-terpinene was found in CEO2 and CEO3 (3.7% and 0.4%, respectively). The sum of these four monoterpenes accounted for 94.0%, 93.0%, and 93.5% of the total constituents in the three CEOs, respectively. In particular, limonene was found to be the most abundant compound in CEO2 and CEO3 (54.3 and 48.7%, respectively). Linalool content reached its highest concentration in CEO3 (32.4%), while linalyl acetate was found to be the most abundant compound in CEO1 (47.5%) and its amount decreased significantly upon ripening.

3.2. In Vitro Radical Scavenging Properties of CEOs {#sec3dot2-nutrients-10-00783}
---------------------------------------------------

The radical scavenging activity of CEOs was evaluated against the two most commonly used stable radicals (DPPH• and ABTS•^+^). As can be seen in [Table 2](#nutrients-10-00783-t002){ref-type="table"}, DPPH• scavenging activity of CEOs increased with ripening. In particular, CEO2 and CEO3 (7.8 and 8.1 µmol of TE/g of CEO, respectively) were significantly more active than CEO1 (6.1 µmol of TE/g of CEO). An opposite trend was observed for the ABTS assay, where CEO1 and CEO2 had higher scavenging activity (11.1 and 10.8 µmol of TE/g of CEO, respectively) than CEO3 (9.4 µmol of TE/g of CEO).

3.3. CEOs Have No Effect on Cell Proliferation {#sec3dot3-nutrients-10-00783}
----------------------------------------------

Prior to nitrite determination, effects on cell proliferation by means of XTT analysis of the CEOs were evaluated at concentrations of 1, 10, and 100 µg mL^−1^. [Figure 1](#nutrients-10-00783-f001){ref-type="fig"} shows that CEOs had no significant effects on cell viability, with respect to LPS control (black bar). The white bar represents the positive control, corresponding to CEO unexposed cells upon addition of Triton X100, leading to total cell lysis.

3.4. CEO2 Reduces No Concentration in LPS-Stimulated Macrophages {#sec3dot4-nutrients-10-00783}
----------------------------------------------------------------

Chinotto essential oils were analysed for their capacity to reduce NO production by RAW264,7 macrophages stimulated by 0.5 µg mL^−1^ lipopolysaccharide (LPS). NO concentrations measured as nitrite were strongly induced after stimulation with LPS for 48 h. Essential oil from half ripe fruits (CEO2) reduced the level of NO in a concentration-dependent way. In particular, CEO2 was found to be already effective at 10 µg mL^−1^, while an inhibition of \>50% was found at 100 µg mL^−1^. In contrast, CEO1 and CEO3 were ineffective in the concentration range investigated ([Figure 2](#nutrients-10-00783-f002){ref-type="fig"}).

3.5. CEO2 Attenuates LPS-Induced COX-2, iNOS, IL-1β, IL6, and MCP-1 Expression {#sec3dot5-nutrients-10-00783}
------------------------------------------------------------------------------

Subsequently, we investigated whether CEO2 also affected other key inflammatory mediators. Using quantitative RT-PCR, we established that CEO2 decreased cyclooxygenase-2 (COX-2) gene expression in a concentration-dependent way, with a reduction of 43% at 10 µg mL^−1^ and 64% at 100 µg mL^−1^ ([Figure 3](#nutrients-10-00783-f003){ref-type="fig"}a). Similarly, CEO2 inhibited the gene expression of the cytokines, IL-1β and IL-6, as well as of iNOS, in a concentration-dependent way ([Figure 3](#nutrients-10-00783-f003){ref-type="fig"}b--d). In particular, our results show that CEO2 decreased the expression of these genes by 36%, 37%, and 19% at 10 µg mL^−1^ and 68%, 55%, and 68% at 100 µg mL^−1^, respectively. The chemokine monocyte chemotactic protein-1 (MCP-1) was also reduced of 43% by CEO2 at the highest concentration ([Figure 3](#nutrients-10-00783-f003){ref-type="fig"}e).

4. Discussion {#sec4-nutrients-10-00783}
=============

Nitric oxide (NO) is the free radical product of the oxidative deamination of [l]{.smallcaps}-arginine, which is catalysed by nitric oxide synthases (NOS). At low concentrations, NO plays a role as a signalling molecule in various physiological processes. During inflammation, the inducible isoform of the enzyme (iNOS or NOS2) is up-regulated and this produces large amounts of NO, acting as a key mediator in several inflammatory disorders \[[@B38-nutrients-10-00783],[@B39-nutrients-10-00783]\]. Under these conditions, the expression of iNOS is known to be predominantly regulated at the transcriptional level \[[@B37-nutrients-10-00783]\]. Our results showed that the essential oil from half ripe fruits (CEO2) of chinotto (*Citrus myrtifolia* Raf.) could reduce NO levels in a concentration-dependent way. Moreover, CEO2 elicited a suppression of iNOS mRNA, indicating that the inhibition of NO release is, at least partly, mediated at a transcriptional level. Additionally, we found that CEO2 was also able to suppress the expression of other pro-inflammatory genes, including those encoding for cyclooxygenase-2 (COX-2), cytokines, interleukin-1β (IL-1β) and interleukin-6 (IL-6), and chemokine monocyte chemotactic protein-1 (MCP-1). It has been reported by us and others that the inhibition of COX-2-mediated eicosanoid production plays a major role in the reduction of pro-inflammatory mediators, including NO \[[@B37-nutrients-10-00783],[@B40-nutrients-10-00783],[@B41-nutrients-10-00783]\]. The upregulated COX-2 enzyme catalyses the reaction of arachidonic acid yielding prostaglandins, which function in inflammatory and pro-analgesic processes. Because of its pivotal role, COX-2 represents an important therapeutic target in many inflammatory disorders \[[@B37-nutrients-10-00783],[@B40-nutrients-10-00783]\]. However, many COX-2 inhibitors (nonsteroidal anti-inflammatory drugs, NSAIDs) cause gastrointestinal side effects, and plant-derived alternatives targeting COX-2 are currently considered a promising strategy \[[@B42-nutrients-10-00783],[@B43-nutrients-10-00783]\]. The pro-inflammatory mediators, IL-1β and IL-6, are expressed at high levels under inflammatory conditions \[[@B44-nutrients-10-00783]\]. In particular, IL-1β is an inducible cytokine that is, generally, not produced by healthy cells and it is implicated in pain, inflammation, and autoimmune conditions. Results from *in vivo* studies using IL-1β knock-out mice highlight the crucial role of IL-1β in mediating NF-κB activity and COX-2 transcription in response to systemic inflammation \[[@B45-nutrients-10-00783],[@B46-nutrients-10-00783]\]. MCP-1 plays an important role in inducing macrophage infiltration to the site of inflammation, thus, leading to amplification of the inflammatory response \[[@B47-nutrients-10-00783]\]. In line with our findings, inhibitory effects of some essential oils, including those from thyme (*Thymus vulgaris*), oregano (*Origanum vulgare*), artemisia (*Artemisia fukudo*), and vetiver grass (*Vetiveria zizanioides*), have been reported to influence the production of the pro-inflammatory mediators, NO, prostaglandin E~2~ (PGE~2~), IL-1β, and IL-6, which was found to be mainly regulated at the transcriptional level \[[@B14-nutrients-10-00783],[@B48-nutrients-10-00783],[@B49-nutrients-10-00783],[@B50-nutrients-10-00783]\]. Collectively, our results demonstrate, for the first time, that essential oils from chinotto possess anti-inflammatory properties similarly to other valuable *Citrus* fruits \[[@B12-nutrients-10-00783],[@B13-nutrients-10-00783],[@B51-nutrients-10-00783],[@B52-nutrients-10-00783],[@B53-nutrients-10-00783],[@B54-nutrients-10-00783]\]. In particular, essential oil (EO) from sour orange (*Citrus aurantium* L.) has been recently reported to inhibit NO, IL-6, TNF-α, and IL-1β production, as well as their gene expression level in LPS-stimulated RAW264.7 cells \[[@B54-nutrients-10-00783]\], while anti-inflammatory properties of EO from taxonomically close related bergamot (*Citrus bergamia* Risso) have been demonstrated *in vivo* using the carrageenan-induced rat paw oedema test \[[@B25-nutrients-10-00783]\].

Additionally, we found that all CEOs showed radical scavenging activity against the two most commonly used non-biological radicals. Interestingly, we observed that radical scavenging activity increased with maturation when measured against DPPH•, while an opposite trend was observed in the case of ABTS•^+^. It has been previously reported that antioxidant capacity determined by in vitro assays can significantly differ \[[@B55-nutrients-10-00783]\]. The ABTS assay is based on the *in situ* generation of a blue/green radical (ABTS•^+^) that can be reduced by antioxidants by either single electron transfer (SET) or hydrogen transfer (HT) mechanisms, whereas the DPPH assay is based on the reduction of the purple DPPH• to 1,1-diphenyl-2-picryl hydrazine (DPPH-H) via HT mechanism. Moreover, it is worth noticing that CEOs are coloured (CEO1 and CEO2 are green, while CEO3 is yellow). Differences between in vitro antioxidant capacities determined by the two assays have been reported for highly pigmented samples \[[@B55-nutrients-10-00783]\]. Nevertheless, the combination of the results obtained from these two assays is considered of higher significance for a reliable evaluation of plant extract radical scavenging ability than the use of only one method \[[@B56-nutrients-10-00783]\]. Remarkably, we found that CEO2 showed high radical scavenging activity in both assays, indicating that CEO2 can act against both DPPH• and ABTS•^+^. In line with our findings, anti-inflammatory potential is often associated with free radical scavenging activity \[[@B14-nutrients-10-00783],[@B51-nutrients-10-00783],[@B52-nutrients-10-00783],[@B57-nutrients-10-00783]\]. Reactive oxygen species (ROS) are crucial in the onset of the inflammation by activating transcription factors, such as the nuclear factor-kappa B (NF-κB), which induces the gene expression of inflammatory enzymes and cytokines \[[@B1-nutrients-10-00783]\].

The analysis of the volatile composition revealed that limonene, linalool, and linalyl acetate were the main components in all CEOs, while γ-terpinene was found in a significant percentage in CEO2 and to a lesser extent in CEO3. The relatively low amount of limonene compared to other *Citrus* species is in line with data from Lota and coworkers \[[@B32-nutrients-10-00783]\], while it is in contrast with other results, where limonene represented 80.1% of the oil \[[@B33-nutrients-10-00783]\]. Interestingly, linalool and linalyl acetate were reported to be absent or present in far lower amounts in previous works \[[@B32-nutrients-10-00783],[@B33-nutrients-10-00783]\]. These variations could be due to differences in ripening stage, genetic origins, or pedoclimatic conditions. In line with the previously mentioned close taxonomical relation between chinotto and bergamot (*Citrus bergamia* Risso) \[[@B19-nutrients-10-00783],[@B20-nutrients-10-00783]\], our results were comparable to the known distribution of volatile compounds in bergamot essential oil, comprising a relatively low amount of limonene (25--53%) and high percentages of linalool (2--20%), linalyl acetate (15--40%), and γ-terpinene \[[@B25-nutrients-10-00783]\]. Regarding individual components, limonene is by far the most abundant compound in CEO2 and CEO3 and these results can be associated with the corresponding radical scavenging activities, as limonene has been reported to exert strong DPPH• and poor ABTS•^+^ scavenging abilities \[[@B58-nutrients-10-00783]\]. Moreover, this monoterpene is the main bioactive molecule of many essential oils known to display anti-inflammatory properties \[[@B53-nutrients-10-00783],[@B59-nutrients-10-00783],[@B60-nutrients-10-00783]\]. However, it is not possible to ascribe the reduction of NO concentration to limonene only, since CEO3 contains amounts comparable to those of CEO2 ([Table 1](#nutrients-10-00783-t001){ref-type="table"}). Other compounds identified in CEO2, including linalool, linalyl acetate, and γ-terpinene, have been previously reported to display antioxidant and anti-inflammatory activities *in vitro* and in vivo \[[@B51-nutrients-10-00783],[@B61-nutrients-10-00783],[@B62-nutrients-10-00783],[@B63-nutrients-10-00783],[@B64-nutrients-10-00783]\]. In particular, linalool, and to a lesser extent linalyl acetate, have been found to reduce carrageenan-induced paw edema in rats \[[@B62-nutrients-10-00783]\] and to inhibit NO, IL-6 and TNF-α production and gene expression in LPS-stimulated RAW264.7 cells \[[@B63-nutrients-10-00783]\]. γ-Terpinene treatment reduced carrageenan-induced paw edema and neutrophil migration, as well as production of pro-inflammatory cytokines, such as interleukin (IL)-1β and tumor necrosis factor-α (TNF-α), in a carrageenan-induced peritonitis model and cell migration in LPS-induced lung injury in Swiss mice \[[@B64-nutrients-10-00783]\]. Moreover, γ-terpinene was found to reduce the production of pro-inflammatory cytokines, such as IL-1β and IL-6, and to enhance that of the anti-inflammatory cytokine, IL-10, in LPS-induced murine peritoneal macrophages \[[@B64-nutrients-10-00783]\]. However, its concentration in CEO2 is lower than that previously reported to reduce NO \[[@B51-nutrients-10-00783]\]. Therefore, a possible explanation is that the reduction of the NO levels elicited by CEO2 could originate from the additive and/or synergistic effects of more bioactives, rather than from a specific compound. The sum of limonene, linalool, linalyl acetate, and γ-terpinene accounted for 93.0% of the total constituents in CEO2. Such a high percentage suggests that these four compounds might be responsible for its observed anti-inflammatory activity. In line with these findings, synergistic effects of the components of other *Citrus* essential oils in murine macrophages have been previously reported \[[@B52-nutrients-10-00783],[@B54-nutrients-10-00783]\]. Nevertheless, a variation in the individual amounts upon maturation was found and it is likely that this plays a role in the observed differences in bioactivity. In particular, γ-terpinene was found in a significant percentage only in CEO2 and, as such, could play a crucial role in the observed anti-inflammatory properties.

In conclusion, in the present study, we show that, for the first time, similar to bergamot (*Citrus bergamia* Risso), extracts from chinotto (*Citrus myrtifolia* Raf.) also possess potent in vitro anti-inflammatory properties. In contrast to bergamot, which only grows in restricted areas due to its relatively poor ability to adapt, chinotto has been shown to easily adapt to different environmental conditions and, as such, might be of higher economical interest. Interestingly, the level of bioactivity was found to greatly depend on ripening stage of the fruit, since only the essential oil from half ripe fruits (CEO2) effectively reduced NO levels and gene-expression of the LPS-induced pro-inflammatory mediators, COX-2, iNOS, IL-1β, IL-6, and MCP-1 in RAW 264.7 macrophages. Moreover, CEO2 exhibited high radical scavenging activity against two commonly used non-biological radicals (DPPH• and ABTS•^+^). Limonene, linalool, linalyl acetate, and γ-terpinene were identified as the main components in CEO2 and our data suggest additive and/or synergistic effects of these compounds. Our findings warrant further studies to explore the potential of chinotto to improve human health and, when positive, to guide selection of most optimal mixtures. To this end, an important issue would be to study the oral bioavailability of the components. Only limited data are available, suggesting that limonene is absorbed from the GI tract, but data on linalool, linalyl acetate, and γ-terpinene appear to be lacking. In view of this, combination effects may also occur.
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![Effect of chinotto essential oils at different ripening stages \[CEO1 (green), CEO2 (half ripe), and CEO3 (ripe)\] on the cell viability of RAW264.7 macrophages. Cells were seeded in 96-well plates at a density of 2.5 × 10^5^ cells mL^−1^ and, after overnight incubation, were treated with lipopolysaccharide (LPS, 0.5 μg mL^−1^) and with (or without) increasing concentrations of CEOs for 48 h. Data are presented as percentages and LPS control (without CEOs) was fixed at 100% (black bar). The white bar represents the positive control, corresponding to untreated cells upon addition of Triton X100. The means of three separate experiments (each done in duplicate) ± standard deviation are reported. Mean value was statistically different from control (\*\* *p* \< 0.01).](nutrients-10-00783-g001){#nutrients-10-00783-f001}

![Effect of chinotto essential oils at different ripening stages \[CEO1 (green), CEO2 (half ripe), and CEO3 (ripe)\] on nitric oxide (NO) production by lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages. Cells were seeded in 96-well plates at a density of 2.5 × 10^5^ cells mL^−1^ and, after overnight incubation, were treated with LPS (0.5 μg mL^−1^) and with (or without) increasing concentrations of CEOs for 48h. The supernatants of the cells were analysed for nitrite production by the Griess method. Data are presented as percentages and LPS control (without CEOs) was fixed at 100%. The average absolute nitrite value for the LPS control was approximately 40 μM. Values represent the mean of three independent experiments (each done in duplicate) ± standard deviation. Mean value was statistically different from control (\* *p* \< 0.05, and \*\* *p* \< 0.01).](nutrients-10-00783-g002){#nutrients-10-00783-f002}

![Effect of CEO2 on the lipopolysaccharide (LPS)-induced COX2 (**a**), iNOS (**b**), IL-1β (**c**), IL-6 (**d**), MCP-1 (**e**) gene expression in RAW264.7 macrophages. Cells were seeded in 6-well plates at a density of 5 × 10^5^ cells mL^−1^ and, after overnight incubation, were treated for 24 h with LPS (0.5 μg mL^−1^) and with (or without) different concentrations of CEO2. Total RNA was isolated and reverse transcribed, yielding cDNA prior to quantitative real-time PCR. Gene expression fold increase normalized to RPS27A2 is presented as percentages, and LPS stimulation (without CEO2) was fixed at 100%, and represents the mean of three separate experiments (each done in duplicate) ± standard deviation. Mean value was statistically different from control (\* *p* \< 0.05, and \*\* *p* \< 0.01).](nutrients-10-00783-g003){#nutrients-10-00783-f003}

nutrients-10-00783-t001_Table 1

###### 

Volatile components identified in CEOs.

  No.                Constituent       CAS nr      Peak Area (%) ^a^             
  ------------------ ----------------- ----------- ------------------- --------- --------
  1                  β-Pinene          127-91-3    \<0.1 a             0.5 b     0.5 b
  2                  Limonene          5989-27-5   26.9 a              54.3 b    48.7 b
  3                  Sabinene          3387-41-5   0.2 a,b             0.1 a     0.3 b
  4                  Myrcene           123-35-3    0.1 a               0.6 b     1.2 c
  5                  γ-Terpinene       99-85-4     \<0.1 a             3.7 b     0.4 c
  7                  Linalool          78-70-6     19.6 a              12.1 b    32.4 c
  8                  Neral             5392-40-5   0.2 a               0.3 a,b   0.5 b
  9                  Linalyl acetate   115-95-7    47.5 a              22.9 b    12.0 c
  10                 Geranial          5392-40-5   0.9 a               0.5 b     0.8 a
  11                 Geranyl acetate   105-87-3    1.0 a               0.3 b     0.2 b
  12                 β-Caryophyllene   87-44-5     0.3 a,b             0.4 b     0.1 c
  Total identified   96.7              95.9        97.5                          

^a^ For each chinotto essential oil (CEO), data presented are the mean values of three independent experiments. Shared letters in the same rows show no statistical significance (*p* \> 0.05), while different letters designate significant differences (*p* \< 0.05).

nutrients-10-00783-t002_Table 2

###### 

Radical scavenging activities of CEOs.

  CEO    Ripening Stage   Scavenging Activity ^a^   
  ------ ---------------- ------------------------- --------------
  CEO1   Green            6.1 ± 0.8 a               11.1 ± 0.1 a
  CEO2   Half ripe        7.8 ± 0.2 b               10.8 ± 0.3 a
  CEO3   Ripe             8.1 ± 0.4 b               9.4 ± 0.1 b

^a^ µmol of Trolox Equivalents (TE)/g of CEO. Shared letters in the same columns show no statistical significance (*p* \> 0.05), while different letters designate significant differences (*p* \< 0.05).

[^1]: Present address: Bogor Agricultural University, Kampus IPB Dramaga Bogor, Jalan Raya Dramaga, Babakan, Dramaga, Bogor, Jawa Barat 16680, Indonesia.
